support remained significantly associated with 30-day readmission in models adjusted for race, heart failure, admitting service, weekend discharge day, and serum albumin: adjusted OR (95% CI) 2.33 (1.02-5.15) for positive depressive symptoms and 2.57 (1.10-5.91) for poorer social support. The area under the receiver operating characteristic curve (AUC) of the multivariable model adjusted for social support status was significantly greater than the AUC of the multivariable model without social support status (test for equality; p value = 0.04). Conclusion: Poor social support and depressive symptoms identified during hospitalizations may represent targetable readmission risk factors among dialysis patients. Our findings suggest that hospital-based assessments of select psychosocial factors may improve readmission risk prediction.
den, and poor nutritional status are associated with higher readmission odds in this population [2, 4, 5] . However, other characteristics such as poor social support and emotional challenges are plausible readmission risk factors that are often not adequately assessed in retrospective (registry) analyses.
A standardized hospital readmission ratio clinical measure will enter the 2017 Centers for Medicare and Medicaid Services Quality Incentive Program, intensifying interest in developing targeted approaches to readmission risk reduction [6] . A recent analysis demonstrated that hospital-related factors such as weekend discharge day and non-hospital-affiliated outpatient dialysis clinics are associated with increased readmission odds among maintenance hemodialysis patients [5] . Psychosocial factors were not considered. Depression, limited health literacy, and poor social support have been linked to higher readmission odds in the general population [7, 8] . Among individuals receiving dialysis, depression has been associated with an impaired quality of life and increased morbidity and mortality [9] . Limited health literacy has been linked to treatment non-adherence and mortality [9] [10] [11] . Poor social support has been associated with reduced quality of life [9] . While individual patient psychosocial situations are often known to outpatient dialysis care team members, this information is rarely communicated to hospital providers. In-hospital screening for psychosocial risk factors may improve hospital-based readmission risk assessment and inform care setting transition planning.
Improved understanding of the influence of psychosocial factors on 30-day hospital re-admission may facilitate the development of more patient-centric approaches to readmission reduction, potentially identifying individuals appropriate for targeted hospital and outpatient case management programs. We undertook this prospective study to investigate the associations of hospital-assessed depression, health literacy, social support, and self-rated health (separately) and 30-day hospital readmission among individuals undergoing maintenance dialysis therapy who were hospitalized at a large, tertiary medical center.
Materials and Methods
Study Design, Patient Population, and Outcome Individuals were recruited from the University of North Carolina (UNC) Hospitals (Chapel Hill, NC, USA) between November 1, 2014 and June 30, 2016. UNC Hospitals is a public academic teaching hospital with >800 inpatient beds and >35,000 acute discharges per year. All adult individuals receiving maintenance dialysis (hemodialysis or peritoneal dialysis) during the index hospitalization were eligible for screening. Exclusion criteria included (1) non-English speaking, (2) delirium or altered mental status, (3) illness severity that precluded participation in psychosocial screens, (4) dialysis-dependent acute kidney injury, and (5) prior study enrollment with completion of question battery at a previous UNC Hospitals admission. To identify eligible patients, the 2 study interviewers screened the hospital admission census each weekday to identify individuals with dialysis-dependent end-stage kidney disease and applied the selection criteria. When patients failed to meet selection criteria due to delirium or altered mental status or illness severity that precluded psychosocial participation, the interviewers rescreened such individuals on subsequent days of the hospitalization. The index hospital admission was defined as the hospitalization when the individual was enrolled and completed the psychosocial screening battery. The primary outcome was UNC Hospitals readmission within 30 days of the index hospitalization.
This study was approved by the UNC at Chapel Hill Institutional Review Board. All participating individuals provided written informed consent and Health Insurance Portability and Accountability authorization for use and disclosure of health information for research purposes.
Primary Exposures
The primary predictors were measures of depression, social support, health literacy, and self-reported health status. Two clinicians (a single nurse practitioner (C.A.G.) and a single medical student with prior training as a certified medical assistant (J.H.) verbally administered a questionnaire containing the psychosocial screens (online suppl. 1, see www.karger.com/ doi/10.1159/000470917). Screening instruments were selected based on their prior use in the ESRD population. All questionnaires were administered at bedside during the hospitalization. No screens were performed during inpatient dialysis treatments. The median time (quartiles 1-3) from hospital admission to questionnaire administration was 3 (1-5) days.
The Center for Epidemiologic Studies Short Depression Scale (CES-D-10) was used to assess depressive symptoms. The CES-D-10 is a 10-item questionnaire that asks respondents to rate depressive symptoms in the past week using a 4-point scale. Scores may range from 0 to 30. Consistent with the literature, an individual with a score ≥ 10 was classified as meeting criteria for depressive symptoms [9] . The validity and strong psychometric properties of the CES-D have been demonstrated for individuals with a variety of chronic illnesses [9, 12, 13] .
The Medical Outcomes Study (MOS) Social Support Survey was used to assess social support. The survey consists of 4 separate social support subscales (emotional/informational support, tangible support, affectionate support, and positive social interaction) and an overall functional social support index. Scores for each subscale are obtained by averaging the scores for each subscale item, and the overall support index is calculated from the mean of the 4 subscales and the score for one additional item (last item in the survey). Scores may range from 0 to 76. Consistent with the literature, an individual with a score <57 was classified as having poor social support [14] .
The Rapid Assessment of Adult Literacy in Medicine (REALM) instrument was used to assess health literacy. The REALM measures a patient's ability to pronounce 66 common medical words and lay terms for body parts and illnesses. Each participant was given a copy of the word list and was asked to read aloud as she/he could while the interviewer scored the word list. If the patient took longer than 5 s to read a word, the interviewer asked him/her to move to the next word. Scores may range from 0 to 66 based on the total number of correctly pronounced words. Higher scores indicate greater health literacy. Limited health literacy was defined as a score of ≤ 60, which corresponds to a reading level of less than 9th grade [15, 16] .
A single question from the Short-Form 12 Health Survey, "In general, would you say your health is excellent, very good, good, fair, or poor?" was asked to capture information on self-rated general health [17] . Based on data distribution, responses were dichotomized with fair and poor responses categorized as poor selfreported health and excellent, very good, and good responses categorized as good self-reported health.
Participants were allowed to omit individual questions or entire screens. Screens with omitted questions were excluded from analyses ( n = 19 for CES-D-10, n = 28 for MOS Social Support Survey, n = 34 for REALM, and n = 1 for self-reported health).
Covariates
All non-psychosocial study data including demographics, comorbid health conditions, and dialysis data were extracted from the UNC Hospitals electronic medical record by a trained abstractionist. Potential covariates were selected as those variables with plausible associations with psychosocial factors or 30-day readmission based on clinical experience and literature precedent [4, 5, 18] .
Statistical Analyses
Data are presented as means ± SDs for continuous variables and frequencies (percentages) for categorical variables. Bivariable comparisons across 30-day hospital readmission status were made using chi-square tests and independent samples t tests as dictated by data type. Scores for each of the psychosocial screens were dichotomized based on instrument standards or literature precedent and examined as predictors of 30-day hospital readmission using chi-square testing.
A multivariable binary logistic regression model with 30-day hospital readmission as the dependent outcome was constructed using variables with univariate p values <0.10. The binary psychosocial screen variables were added, separately, to the adjusted model. Models containing multiple psychosocial screens were not considered due to collinearity among the screens. Specifically, when social support and depression screens were included in the same model with social support as the exposure, the variance inflation factor for depression was ≥ 2.50 (vs. 1.0 for other covariates). Separate models were thus maintained. Model goodness of fit was assessed using the Hosmer and Lemeshow testing. The receiver operating characteristic curve and the area under the receiver operating characteristic curve (AUC) with 95% CIs were derived for each model. Multivariable models with and without psychosocial screen variables were tested for equality using the DeLong et al. [19] method for calculating the AUC standard area of the mean and the difference between model AUCs. Analyses were performed using STATA 12.0MP (StataCorp, College Station, TX, USA). Figure 1 displays the flow diagram of the study participant selection procedure. Of the 249 patients screened, 200 met selection criteria, and of those, 154 (77%) patients enrolled in the study. Participant characteristics at index hospitalization across 30-day readmission status are displayed in Table 1 . Of the 154 participants, 67 (43.5%) were women, the mean age was 59 ± 15 years, and 70 (45.4%) were black. Approximately half (48.0%) were dialyzed at UNC-affiliated outpatient dialysis clinics, 18 (11.7%) received peritoneal dialysis, and 50 (32.5%) had a dialysis vintage <1 year. The principal index admission diagnosis was cardiovascular-related in 48 (31.2%) patients and infection-related in 19 (12.3%) patients. The median (quartiles 1-3) length of index hospitalization was 5 (3-9) days.
Results

Characteristics of the Cohort
Of the 135 participants completing depression screening, 79 (58.5%) had a positive depression screen (CES-D-10 >10). Patients with a positive depression screen were more likely to have heart failure than those with a negative screen ( p value = 0.04). Of the 120 participants completing health literacy screening, 52 (43.3%) displayed limited health literacy (REALM ≤ 60). Participants with limited health literacy were younger and more likely to be male and black compared to those 
Hospital Readmissions
Of the 154 participants, 58 (37.7%) had a 30-day hospital readmission. Among those with a 30-day readmission, the mean time to readmission was 12.6 ± 8.0 days. In the adjusted logistic regression model for 30-day readmission considering variables with univariate p values <0.10 (without psychosocial variables), black race (OR 2.11; 95% CI 1.04-4.26), heart failure (OR 1.89; 95% CI 1.01-5.12), weekend discharge day (OR 3.79; 95% CI 1.33-10.79), and albumin <3.3 g/dL (OR 4.20; 95% CI 1.48-12.71 were associated with higher readmission odds. Surgical service admission (OR 0.45; 95% CI 0.19-1.06) was associated with lower readmission odds, but the association did not reach statistical significance. Figure 2 displays psychosocial screen results across 30-day hospital admission status. In unadjusted analyses, individuals with positive depression screening, lower health literacy, and poorer social support were more likely to have a 30-day readmission (vs. those with negative screens). Table 2 displays adjusted associations between psychosocial factors and 30-day readmission. In models adjusted for race, heart failure, admitting service, weekend discharge day, and albumin, poorer social support (OR 2.57; 95% CI 1.10-5.91) was significantly associated with higher readmission odds. Model performance as characterized by the AUC was moderate: 0.75 (95% CI 0.64-0.82). Consideration of the social support status in the multivariable model improved model performance. The AUC of the multivariable model adjusted for the social support status was significantly greater than the AUC of the multivariable model without the social support status (test for equality; p = 0.04).
Psychosocial Factors and 30-Day Hospital Readmission
Positive depression screening was also significantly associated with higher 30-day hospital readmission odds after multivariable model adjustment: OR 2.33 (95% CI 1.02-5.15). The AUC of the multivariable model adjusted for depression was not significantly different from the AUC of the multivariable model without depression (test for quality; p = 0.07). Lower health literacy trended toward an association with higher readmission odds in multivariable models but did not reach statistical significance. Self-reported health status was not associated with readmission.
Discussion
To our knowledge, this is the first prospective study that has evaluated hospital-identified psychosocial risk factors for 30-day hospital readmission among maintenance dialysis patients. Our single-center analysis demonstrated that poor social support and the presence of depressive symptoms were each associated with higher 30-day readmission odds. Impaired health literacy trend- ed toward an association with higher 30-day readmission odds but did not achieve statistical significance in adjusted models. The adjusted model containing social support status was more predictive of readmission than the adjusted model without social support status. Our results suggest that transition programs targeting patients with poorer social support and depressive symptoms may represent opportunities for hospital readmission risk reduction among individuals receiving dialysis.
Depression, poor social support, and limited health literacy may affect an individual's ability to understand and carry out hospital discharge instructions and follow-up plans, plausibly increasing readmission risk. Depression is almost 4 times more common among ESRD patients when compared to the general population and is associated with missed dialysis treatments, reduced quality of life, and increased morbidity and mortality [9, 20] . Adequacy of individual social support networks can influence depressive symptoms and health behaviors [10] . Limited social support has been linked to poor treatment adherence and worse quality of life among dialysis patients [10] . Health literacy, which is the capacity to understand information related to disease in order to make informed decisions, may also influence a patient's post-hospitalization course [16] . Limited health literacy is suspected in close to a third of dialysis patients and is independently associated with missed dialysis treatments, higher emergency room utilization, and greater mortality [11, 21] . While some of these psychosocial risk factors may be detected by the Kidney Disease Quality of Life Scale (KDQOL) or other routine outpatient screens, such data are not typically available to hospital providers.
Past efforts to understand readmission risk factors among individuals receiving maintenance dialysis have focused on objective patient factors such as comorbid conditions and laboratory values as well as provider-centric factors such as discharge day and hospital follow-up practices [4, 5, 22] . Unfortunately, 30-day hospital readmission rates among maintenance dialysis patients remain high [1] . More patient-centric approaches that consider inadequate education or social and emotional barriers to care may offer new opportunities for readmission risk reduction. For example, patient understanding of discharge instructions and medications and their general abilities to manage their affairs and recover from their hospitalizations may impact readmission risk [23] [24] [25] . To assess these potential risks, a more detailed understanding of patient psychosocial risk factors is needed during the hospital stay.
We evaluated the influence of hospital-identified depressive symptoms, limited health literacy, reduced social support, and poorer self-rated health on 30-day hospital a Psychosocial adjusted models (separately) and model 1 AUCs were tested for equality using the method by DeLong et al. [19] for calculating the AUC SE of the mean and the difference between model AUCs. b Multivariable logistic model adjusted for race (black or nonblack), heart failure, admitting service (surgical vs. non-surgical), discharge day (weekend vs. non-weekend), and serum albumin (<3.3 vs. ≥3.3 g/dL) . c Multivariable logistic model adjusted for depression (CES-D-10 ≥10 vs. <10), race (black or nonblack), heart failure, admitting service (surgical vs. non-surgical), discharge day (weekend vs. non-weekend), and serum albumin (<3.3 vs. ≥3.3 g/dL). d Multivariable logistic model adjusted for health literacy (REALM ≤60 vs. >60), race (black or nonblack), heart failure, admitting service (surgical vs. non-surgical), discharge day (weekend vs. non-weekend), and serum albumin (<3.3 vs. ≥3.3 g/dL). e Multivariable logistic model adjusted for social support (MOS <57 vs. ≥57), race (black or nonblack), heart failure, admitting service (surgical vs. non-surgical), discharge day (weekend vs. non-weekend), and serum albumin (<3.3 vs. ≥3.3 g/dL). f Multivariable logistic model adjusted for self-reported health status (poor/fair vs. good/very good/excellent), race (black or nonblack), heart failure, admitting service (surgical vs. non-surgical), discharge day (weekend vs. non-weekend), and serum albumin (<3. readmissions. Our study cohort's 30-day readmission rate of 37.7% was slightly above the national rate of 32.1% [1] . This finding, in combination with the observed longer lengths of stay (7.2 ± 10.2 days), suggests that our study participants may have had greater medical acuity compared to the broader hemodialysis population. Our results should be interpreted with this in mind. In unadjusted analyses, greater depressive symptoms, limited health literacy, and reduced social support were associated with increased readmission odds. After adjustment for potential confounders, reduced social support had the greatest readmission predictive capacity. Greater depressive symptoms were also associated with increased readmission odds in adjusted analyses. Health literacy and self-rated health status did not associate with readmission in adjusted models.
While the associations of psychosocial factors and hospital readmission identified in this study do not imply causation, they do suggest that formalized screens of social support, and depression may enhance risk estimation associated with hospital to home transitions and, in turn, may facilitate more focused discharge planning. Future efforts to improve transitions may benefit from increased focus on patient self-management and social support. In fact, a recent systematic review in the general population suggested that readmission-prevention programs focused on patient capacity for self-care with more comprehensive post-hospital discharge support were more effective than programs without these support strategies [26] . For example, enhanced psychosocial data would enable in-hospital case management programs to realign resources toward behavioral counseling and education in appropriate patients. Such risk factors are difficult to modify in time-limited periods like hospitalizations, but enhanced discharge planning and communication with outpatient dialysis clinics would allow for ongoing follow-up of these issues posthospital discharge, potentially reducing readmission risk.
Ideally, outpatient dialysis clinic medical information, dialysis treatment prescriptions, and relevant psychosocial data would be transmitted to the hospital at the time of admission. However, in our fragmented care environment where hospital and outpatient dialysis electronic health records do not communicate and we increasingly rely on hospital-based specialists for inpatient care delivery, transfer of important medical information often falls short. In a recent analysis, we reported that hospital discharge on a weekend day (vs. week day) was associated with increased odds of hospital readmission [5] , suggesting that inadequate communication related to reduced case management services and weekend transitional care providers may contribute to readmission risk. A recent systematic review of the outpatient to inpatient transfer process in the general population revealed low frequency of direct communication between providers at the time of admission. The authors also found that when communication did occur, the communication was most often telephone-based, potentially limiting the amount of data transferred [27] . Thus, until electronic health record data sharing improves, it may be reasonable to consider screening for select risk factors such as psychosocial barriers during hospitalizations.
Hospital-based psychosocial risk assessment would require efficient, validated screening instruments as well as designated team members to routinely perform the screens in busy inpatient environments. In our study, we used the 10-item CES-D-10 instrument for depression and the 19-item MOS Social Support Survey instrument for social support. While the CES-D-10 can be administered quickly, the MOS Social Support Survey instrument is more burdensome, as evidenced by a higher proportion of participants omitting questions or skipping the screen (19 for CES-D-10 vs. 28 for MOS Social Support Survey). To reduce burden, shorter social support assessment instruments such as the KDQOL social support questions could be considered. Additionally, further evaluation of the optimal timing of psychosocial screening (admission vs. discharge) is needed as is the development of transition programs with greater emphasis on social risk factor understanding and modification.
Strengths of our study include its prospective nature, use of validated screening instruments and systematic approach to screening unique hospitalized dialysis patients at UNC Hospitals. However, our findings must be considered in the context of study limitations. First, this is a single-center study. Our geographic catchment area has a high proportion of blacks and >50% receive outpatient dialysis at university-associated dialysis clinics. Our hospital and associated dialysis unit clinical protocols may differ from those of other systems, and our results may not generalize to other centers. Second, our sample size was modest, limiting the number of predictors we could assess in multivariable models. Some eligible individuals for the study may have been missed in the recruitment process due to short hospitalizations or missed contact due to hospital procedures exists. Confounding from unmeasured factors or factors not considered in the limited models may remain. Verification of our findings in a larger cohort is needed. Third, some participants had incomplete screening instrument data. Individuals with incomplete screening data were excluded from analyses considering the missing screening data. Related, we lacked covariate data (outpatient medications, n = 1; dialysis vintage, n = 2; discharge to nursing facility, n = 2) on a few patients. However, covariate missingness was minimal and not present among covariates meeting multivariable model inclusion criteria. Fourth, our observed readmission rate (37.7%) is higher than the national average rate of 32.1% among end-stage kidney disease patients. Our cohort may have had greater illness acuity. Our findings should be confirmed in a larger population. Finally, we were unable to consider readmissions that occurred outside of our hospital network.
In conclusion, we evaluated hospital-assessed psychosocial risk factors for 30-day hospital readmission among patients on maintenance dialysis and identified poorer social support and depressive symptoms as potential targetable risk factors for readmission. Our findings suggest that hospital-based assessments of select psychosocial factors may help identify vulnerable patient subgroups to whom to direct targeted discharge services. Pilot studies evaluating in-hospital psychosocial screens and associated individualized discharge planning services are needed.
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